In this paper, a practical method to design a robust controller for pressure of boiler in Mashhad Power plant using H ∞ is proposed. To achieve a good performance of an industrial boiler in order to reduce fuel consumption rate and reaching higher efficiency, dynamic variables such as fuel flow, air flow and pressure of boiler must be controlled. However this dynamic model may associate with uncertainties. Uncertainties in mentioned model are caused by lack of knowledge about the dynamics of the system, pay load changes, and air flow. Thus, application of robust control methods for high precise control of pressure is inevitable. In the first step plant is identified by using experimental data by the mean of converting into a group of linear time invariant (LTI) uncertain plants. After representation of the uncertain dynamic system in general control configuration and modelling the parametric uncertainties, nominal performance, robust stability and robust performance against disturbances are analyzed by the concept of structured singular value µ. Then, using genetic algorithm an optimal controller is designed for tracking problem and disturbance rejection. This procedure gives a satisfactory controller at the presence of model perturbations. For more comparisons, quantitative feedback theory (QFT) as a well known robust control approach is also applied to the plant. Finally, nonlinear simulation has been carried out and two controllers are compared. Both optimal robust controllers guarantee robust performance of the system against the uncertainties and result in desired time responses of the output variables. By applying H ∞ robust control, system tracks the desire reference inputs in a less time and with smoother time responses.
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Boilers are commonly found in industry where they are used to supply turbines with steam or for heating of other chemical compounds. Although the steam production is varied during plant operation, output variables such as steam pressure must be maintained at their respected values. Therefore, tracking the load variation commands of drum pressure is expected from a power plant boiler system. However, the physical constraints exerted on the actuators must be satisfied by the control signals. These constraints can be the magnitude and saturation rate for the control valves of the fuel, steam and feed-water flow [1, 2] . A boiler unit is a nonlinear complex system. Several dynamic models of the boiler system have been developed [3] . Various control methods have been applied to boiler or boiler-turbine controller design, e.g., gain scheduling and feedback linearization [1, 2] , quantitative Feedback Theory [4] , and intelligent control [5] [6] [7] . Most practical systems have high uncertainty levels in their open-loop transfer functions which makes it very difficult to create suitable stability margins and good performance in command following problems for a closed-loop system. Therefore, a single fixed controller in such systems is found among the 'robust control' family. Some aspects related to robust control and mixed sensitivity [8, 9, 15] have been applied in different ways. Except in [9] in other works, the parametric uncertainties associated with dynamic model are not considered. A close loop system is robust if it is insensitive to differences between the actual system and the model of the system which was used to design the controller. These differences are referred to as model uncertainty. The H ∞ robust control technique is used to check if the design specifications are satisfied even for the worst-case uncertainty. In this approach, a mathematical representation of the model uncertainty is found. Then it is determined if the stability and performance specifications are satisfied for all plants in the uncertainty set (robust stability and robust performance) [10] . In this paper, a linear time invariant (LTI) model of the boiler system is considered which is obtained from experimental data. After modelling the parametric uncertainties, a QFT robust controller is designed. Then the uncertain system is represented in the form of general control configuration and unstructured uncertainty is considered in the form of multiplicative input uncertainty. On the other hand, to achieve the goals of disturbance rejection and command tracking, the sensitivity function must have a special shape which is obtained by considering a suitable performance weight function. Using an algorithm for µ-analysis and using genetic algorithm, an optimal robust controller is designed. Both optimal robust controller and QFT robust controller guarantee the robust performance of the uncertain system. The structure of the paper will be as follows. In section 2 the model for the plant is presented. Robust controller design procedure is presented in section 3. The QFT controller design will be presented in section 4 briefly, which is followed by an analysis of the robust stability and the robust performance in section 5. Then it is preheated with exhaust gases. After measuring air flow, it is guided to the boiler. Combustion occurs in the boiler and exhaust gases heat the water which flows through the boiler's walls. The exhaust gases are passed through the II type shape boiler by suction of IDFs (Induced Draft Fans). IDFs guide exhaust gases to the atmosphere through a chimney [11] . As shown in Fig. 2 , dampers are used to control the flow of exhaust gases. Fig.3 illustrates block diagram of the combustion system of the boiler. Flow of input fuel should be increased to provide the desire power. So the set point of fuel flow changed and controller 1 will open the valve of fuel pipe and increase the fuel flow. This effect is shown by .As fuel flow increased, air flow must be will open the dampers of FDFs and so it increases the fuel flow. This effect is shown by .Since increase in fuel flow and air flow will cause increasing pressure of boiler, opening valve of fuel pipe by and opening dampers of FDFs by will increase pressure of boiler. These two effects are shown by and respectively. As the pressure of the boiler becomes more than set point, controller 3 opens the dampers of IDFs which cause decreasing in the pressure . Increase of pressure of the boiler will decrease fuel and air flow that is shown by and . The system is multiple inputs multiple outputs (MIMO) and it is too complicated to be controlled. In this article the system is simplified to a single input single output (SISO) system to control pressure of the boiler. The simplified system is shown in Fig. 4 , in which and are considered as disturbances on the system. Using terms and equations introduced in [4] , finally we will derive uncertain LTI transfer functions that model the dynamic of boiler pressure. Finally, the transfer function of whole system P(s) is: ,
Modeling

Physical system description
A Fourier series with 16 terms was used to model the disturbances. Equ.2. indicates the plant uncertainty model. Coefficients of the uncertainty model are which they were used in [4] .
(2)
Robust control of the boiler system
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After selecting the form of N and the weights, the H ∞ optimal controller is obtained by solving the problem ���������� � where K is a stabilizing controller. We used Genetic algorithm toolbox in MATLAB in order to find optimal coefficients for weighting transfer functions. Weighting functions are as below:
QFT controller design
This section is devoted to QFT method in order to design a controller for the power plant pressure. The objectives of this section are to synthesize suitable controllers and pre-filters such that: (a) The closed-loop system is stable; (b) It can track desired inputs (c) Cross-coupling effects can be reduced by using suitable robust disturbance rejection bounds [13] . In order to save the space just controller and pre-filter transfer functions will be mentioned here. Loop shaping is presented in Fig. 6 . [4] . Controller and pre filter were obtains as follow: 
Simulations and discussion
Fig . 7 shows the �-plots for close loop system after applying optimal robust controller. According to the Fig. 7 , robust stability, nominal performance and robust performance are satisfied. Fig. 8. (a) shows tracking performance for an arbitrary reference signal. But, what is the most important and brilliant difference between H∞ controller and QFT ones is control effort signal which is in an optimal range by controller designed in this paper. It means in order to have a specified pressure we will need less fuel and energy consumption Fig. 8. (b) .
Conclusion
Due to the presence of uncertainty in the pressure dynamic of the boiler, the application of robust control method for achieving high accuracy in tracking is inevitable. The dynamic model of the boiler may associate with parametric uncertainties. As mentioned, H ∞ is used to design a robust controller for pressure of the boiler. After modelling parametric uncertainties, parametric uncertainties are represented in the form of multiplicative input uncertainty and -synthesis is used to analyze nominal performance, robust stability and robust performance of the uncertain system. By using genetic algorithm, an optimal robust controller is designed which results in robust performance of the system against parametric uncertainties. The basic design steps can be summarized as linearization of the boiler pressure dynamics, design of suitable robust disturbance rejection bounds by minimization of Sensitivity Function and nonlinear simulation. Our research indicates that an increase of accuracy in tracking problem has a direct relationship with reduction of the cross-coupling effect between component of boiler by designing suitable disturbance rejection bounds, reduction of settling time in tracking bounds for associated linear system and improvement of associated linear uncertain system modelling. In comparison, after applying the optimal robust controller, dynamic system tracks the desired inputs with less tracking error with respect to the system using QFT controller. Also control signals produced by optimal robust controller are smoother and reach to their final steady state values in a less time and the most important feature is optimal being of control effort signal produces by optimal controller. 
